Introduction
In 2013, Sub-Saharan Africa (SSA) was recording the highest burden of the HIV-1 epidemic, contributing for more than 90% in the new cases of perinatally acquired HIV pediatric infections [1] ; and almost 656,000 children younger than 15 years were receiving antiretroviral therapy in low-and middle-income countries [2] . In Cameroon, nearly 5900 were reported to be on ART among the 39,000 HIV infected children eligible nationwide [3] . The benefits of ART on the improvement of survival and quality of life of HIV infected children have been widely demonstrated and the emerging concerns are focused around the long term outcome after ART initiation [4] [5]. In this sense, the issue of biological monitoring and permanent viral suppression is of utmost importance as second line regimens are few in SSA in case of treatment failure, thus making the challenge of a longest duration on first-line ART a sounding priority [5] [6] . Unfortunately apart from clinical follow-up, routine biological monitoring falls short in many SSA settings, though established as gold standard in western countries. The latest guidelines modified in 2013 make the measurement of viral load (VL) a key stone of the biological follow-up [5] . In Europe and in Asia, the benefits of ART coupled to closely monitoring have demonstrated good achievement in regards to viral suppression [7] [8] . On the other hand, few studies from SSA have reported on the prevalence rate of viral suppression/failure in children, in routine care. In Senegalese children under first line ART for a median time of 20 months, a 56% rate of VF was recorded by Kebe et al. in West Africa [9] ; similarly, a high rate of 61% VF at the threshold of 400 copies/ml was found among 97 children on first line ART in Mali at 60 months of treatment [10] . In Cameroon unfortunately, few data are available on the topic, except a report from Fokam et al. involving our site with a 50% VF at a median follow-up of 24 months [11] . In this context, we designed a study with the objective to measure the frequency of virological failure of HIV infected children after 24 weeks of first line adherent ART, in a single site, following the latest WHO recommendations.
Methods

Study Design
This was a descriptive, retrospective, serial cross sectional study nested in a cohort of HIV infected children on antiretroviral treatment.
Setting and population: The study site was the "Centre Hospitalier d'ESSOS" an approved centre for antiretroviral therapy in Yaoundé. Enrolment of children on ART treatment started in this centre in 2005. We included, children on triple first line antiretroviral therapy lasting for ≥6 months. The children enrolled were extracted from an observational cohort of 450 children on ART. Inclusion criteria were being on first line ART and aged ≤16 years. After exclusion of children on second line ART (N = 75), we included 375 children who started ART between 2006 and 2009 and were followed-up for 60 months.
Treatment Guidelines and Monitoring Procedures
At the time of ART initiation in those children, the national guidelines applicable were recommending for first line of ART: Zidovudine (ZDV) or Stavudine (d4T) or Abacavir (ABC) + Lamivudine (3TC) and either Efavirenz (EFV) or Nevirapine (NVP) in children <3 years and <10 kg. Antiretroviral therapy was initiated under WHO evolving criteria taking into account advanced clinical stages or immunodeficiency. From 2006, the threshold of CD4 cell percentage levels for severe immunodeficiency was less than 25% for infants 11 months or less, <20% for children aged 12 to 35 months, and <15% for children 3 years or older. Pre-treatment viral load was not mandated prior to ART initiation.
Monitoring Procedures
Clinical procedures: During the first 3 months of treatment, HIV-infected children were seen monthly at the clinic for medical follow-up then quarterly. Adherence to medication was self reported at each visit and completed by subsequent individual adherence counseling sessions. Sessions of education and adherence counseling were given to both parents and children below 6 years; group counseling was reserved for both parents and/or preadolescents; home visits for counseling support were indicated in case of adherence failure.
Biological follow-up: At baseline, CD4 cell count was mandated while viral load measurement was recommended. CD4 cell count measurement done at the CHE laboratory using was expressed in absolute count and percentage; Children's serum samples were quantified for HIV-1 RNA load using real time reverse transcriptase PCR (Generic HIV viral load, Biocentrics). For all HIV infants treated, irrespective of clinical and immunological status, a measurement of CD4 cell count and viral load was prescribed after six months of ART and then yearly. All the samples for viral load were analyzed at the "Laboratoire Centre Pasteur" in Yaounde acting as service provider at a unit cost of 30US$.
Key Variables and Main Measurement
Viral load values were expressed in copies/ml. In line with WHO 2013 guidelines; in this study, case definition of virological failure (VF) was a one-off measurement of viral load ≥1000 copies/ml.
Data Collection and Statistical Analysis
For this analysis, data routinely collected during follow-up and stored in the patient files, were extracted and transferred in an excel sheet form. Statistical analysis was done using software R version 3.1.1. Continuous and categorical variables were summarized using medians and interquartile range (IQR) and proportions respectively. A confidence interval of 95% was considered as the margin for percentage accuracy.
Ethics and Administrative Aspects
This study received the ethical approval of the Institutional Review Board of the Centre Hospitalier d'ESSOS and the administrative authorization of the Hospital. Informed parental consent was obtained at the entry point of care. Partial support for payment of viral load was offered yearly to the patients followed-up as part of the routine management. Confidentiality and security were ensured in the treatment of all the files.
Results
Demographic Characteristics of the Infants at ART Start
We included 375 children in the analysis aged ≤16 years, median, 9.5 years [IQR 7 -13]. Sex ratio was 1.22/1 slightly favoring male. Median age at ART start was 4.2 years [IQR 1.2 -6.5], however almost 1 in 2 (50%) had started treatment before their third birthday. The median time of follow-up was 48 months. The median percentage of CD4 cell count at ART start was 13% [IQR 7 -20]. The pre-treatment value of viral load was assessed in a few number of children (N = 130, 34%) representing those who were able to support the cost of this biological test and was measured at 778,996 copies/ml IQR [252,983. 2,770,000]. The average number of measurement of viral load per child was 2.42. Table 1 shows the number of samples analyzed from 6 to 60 months according to the schedule. A total of 717 samples were collected. The coverage of viral measurement varies from 34% to 45% of children in follow-up at each point of collection. In addition, among them, 20.2% had no viral load recorded during the period of follow-up after ART initiation from 6 to 60 months; an exception was one single child who had been faithfully assessed at each point of follow-up.
Viral Load Monitoring in Children
Percentage of Children Achieving Immune Restoration
The average rate of CD4 cell count varies from 13% prior to ART initiation to 60% at 60 months of treatment. In children below 5 years, the percentage of children with CD4 cell count above 25% varies from 13% at the onset of treatment to 88% at 60 months of treatment. Similarly, among children older than 5 years, the rate of those having more than 350/mm 3 CD4 cell, ranges 38% at the onset of treatment to 90% at 60 months post ART initiation ( Table 2) .
Viral failure
Overall 148/717 samples show a viral load above 1000 copies/ml. VF was rated between 18% to 26% from 6 -60 months (mean 20.6%), 95% IC [13.1-27 .3] at the threshold of 1000 copies/ml not too different at the threshold of 400 copies/ml, 21% -30% (mean 23.9%), 95% IC [16.3 -31 .5], p = 0.9. Figure 1 resumes the distribu- Table 2 . Evolving rate of HIV infected children having a good level of CD4 cell count (absolute or %) from 6 to 60 months post ART initiation in Centre Hospitalier d'ESSOS. 
Discussion
First of all, in this report, we wish to outline the difficulties to monitor HIV infected children in routine practice in SSA, especially the hardness of routine VL testing in children. Our lost to biological follow-up (almost 20% of children with no viral load) is imputable to the cost of HIV viral load tests and argues for the need to permanently subsidize such exams [12] . Despite those restrictions, our key finding was a VF of 20% to 25% (threshold of 400 copies/ml) at each point of monitoring during the first 60 months of ART in children at Yaoundé. This rate of VF posted in our centre is quite laudable, in comparison to previous data registered in SSA settings; in Tanzania, a rate of 51% VF was recorded in children at median FU time of 24 months; similarly results reported from Senegal or Mali were worse [9] [10] [13] . Looking at other studies in SSA, our findings on immune resto-ration were consistent with previous reports despite a constant average rate of children on viral failure [14] - [16] . This observation of constant one-off rate of VF emphasizes the need of strengthening education and adherence counseling in HIV infected children at each contact, as almost 1 child in 5 was exposed to permanent VF in our centre. We are tempted to attribute our results to the routine practice of therapeutic education, anticipating that it may have helped achieving such low rate of VF in routine care settings [13] [17] [18] . Unfortunately in this report, we were limited to analyze the impact of therapeutic education on viral suppression, due to poor data collection of our process of adherence counseling, which was done at many points of care. In addition, this serial cross sectional study limited us in analyzing the proportion of children who frequently reverse from viral failure to suppression. These limitations suggest to design a prospective cohort study in order to measure the proportion of children with frequent rebound, as is known to cause damage and can favor the emergence of resistant viral strains. At last, in this descriptive study, we did not take into account the rate of adolescents though there are known to be more at risk of VF; a low proportion of adolescent can explain our relative low rate of VF in comparison to other settings [19] . Despite these findings, we keep in mind that 20% lost to viral follow-up is high and can mitigate our results thus, highlighting the need of further analysis.
Conclusion
In short, we found that HIV-1 RNA viral load stands above 1000 copies/ml in almost 20% of HIV infected children in Yaoundé, after 24 weeks or more of ART adherent treatment making improvement of adherence counseling mandated. To this step, our results emphasize the need to increase access to routine viral monitoring in all HIV infected children on ART in order to timely recognize virological failure, especially in children free of clinical and immune failure.
